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(54) ELECTRIC POWER STEERING CONTROL DEVICE AND ITS CONTROLLING METHOD 
(57)Abstract 

PROBLEM TO BE SOLVED: To improve a steering wheel returning 
characteristic in ail the driving states in an electric power steering 
control device. 

SOLUTION: First road surface reaction torque is estimated from 
drivers steering torque detected by means of a steering torque 
detector 1 while second road surface reaction torque is estimated 
from a steering angle detected by means of a steering wheel angle 
sensor, and a steering wheel returning assisting torque signal is 
computed from the second road surface reaction torque by means 
of a returning torque compensator 17 so that motor assisting torque 
is controlled in the direction of returning the steering wheel to its 
home position according to the computed result. At the same time, 
by means of the returning torque compensator 1 7, it is determined 
that the steering angle sensor is in an abnormal condition when the 
difference between the first road surface reaction torque and the 
second road surface reaction torque is larger than a predetermined 
value. 
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ff^sioiT. aiKF^* tarns iccj:Di8&SF;i' 

* (Thd 1) £§S#i£*. -**y(CgEt8U Xf-^ 
S102T, &l9SF;U?fiKap§2{Cj:9. *-*©iM8P 
Kfli<,>6*i3*iiBoF;l<5'fi#I base*Si#TS. 
^■C. ^f-^S103t. *-*jIgtfclHi33{CJ;r> 

[0 03 0] Xf^S 1057, ■ : e-:>m?fttfcttigl 
l(C«fc«3*-d»^£ ( I m t r ) y*ytC 

ists-rs. ^i>-c. x??^s io6r. m—omms. 
*>mjz& i 5{c«to . ayrs f * * smifc&ms i 
i ©tb^*>6?n»$n-5xf r 'j >y*a&m©*-* h 

*»<&»» s *i * * f-r y > im&no*- *Tm.V)\s!> 

©SSSJS^J FJU* JtSfflT t i r e_e s t 1 £SStTr 

•c&z&l&ft ( e h d i > ^ ycciste-r 

4. S6fC, X^-y^S 1 087, *2tfcffigl 4CCi 

o. $a(vx) &m&u>&. y*y casters, 
r. ^f7^sio9 r. ^-©ssiBJSrtseeg 1 6 k 

<fcD, ^©MflwJ^Sff-WS&HS^F** (Ttir 
e_e s t 2) ZmjZm&i-Z. Xfy^S HOT?, 
F * **t«Sg 1 7 tcj: 0 . 3|-©8gffij5# F JU* 
(Tt i r e_e s t 2) tc»-3t,vc. F'ARLJi 
&Jh)V^m^ ( I t i r e) *f"-7Jltflf v *T v 7"C 
5fc*5. Xf-j^S 1 1 ir, SB— O&fflxt) 

\-il>i?Mfe&BitlT t i r e_e stli. »-©8SS 
JS^h^^«eeSW^)Tt i r e_e s t 2 4©M, 
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AT tire_est=Ttire_est 2— T t i 
r e_e s t 1 ©SHJSCecJrDStJrr-S. 

[0031] ;xt»r t »^sii2T, m— rums 

-©SSSS^J F ;H?JiJ£ffi[©MAT t i r e _e s t ifi 
©T5gfflAT fail £*)*Z<,>friZ?ir>$:mjZ.T&. Y 

e s tmm^tifcm^t. mtpuz^vifimi?;-?? * j 
jvtnmv, zf-vvsi nr. /oF*->uis»j}i8B&F 

^^M-^-I t i r efc-tfaSCTS. N oi*lJ»r3nfcJS 

10 ^r-yVSl 14t, •=&- *&jf&feeg9K:<t: 

•3. Iref=Ibase+Itir e©StSo£CCS^J 

es®s*iii^Ts. c©B$©y-ott, 

1 0©XT-ry>y»#-C©h^^^©3!i!t<!:l/-C*J 

< . «±©abf^**<ifai*igrt© cpuo>-f >tes-cis 

>KJt/R9MlftF;U*{t*Hfe£«:J:0 > K 9 
Srfi&D* J: ^WSSS^f r "J >iWP#£0£>i: <!: 

20 [0032] mmomm 1 «c j: m-©is®s^ f 

AttfymWi 1 5 S^Z1©S5®S^ f )^m^s l 6 4 
J8l>r. KffiJ5^H;l/d'*«l3£-r.5C«i:tCJ:0 > ±r© 

aigtsss-r. aw>i- ; e-3f©ffiit&h^i'*^3i±sc 

*«c, gUKft-fe>-9-©^«c«fc-S^^«c^> F;UM"DM 

tt&feft XTTV> i?mifrifi£. C5Ci *Ml©JIllMf 
4$«SII**^T 4 C <!: ifiT # 5 . 
[0033] 9m<Z>&m2 . 14«, C©^^©j©S© 

30 mm 2 k. j: <y-z.rrv> ifmmm&omm 

Zfrcf-Ju v t>mv$>z>. H4{C*JI,^r. 1~6, 8- 
15. 1 7 5iai«:tJW$fc©i0-©ife©-C4>6. 1 

8«s«]niia[-b>-y- (SKjnjia^a*©) oc«i:-5r«iai 
sn*«/jnjt££»«:ifr=©&®iK*j (*^©K 

tt, c©^©*iS©BSS2(cJ:s®ib^ i 7-x5 ! -r 
40 y > ^suaiais©!ganJ5* f a fjusffliWM^ttias 

£©H{S&47*r#tt0-C&.&. SetCfct^T. g|Gtt« 
*DjSS*7nl/-C^5. 3e6S©J&Sl2tt. S?SS<Z>J^S§ 1 CD 

•fe>1ftH**^H©ISffiS^ F JUd'JflSgCCA^r-S* 
[0034]XtC, E5«:<fc0, JUfi©JB.«2(C<fc2,« 

ib^^- 7-^f7'i> ifmw&&<D9iir?ic'? mi? 

2>. 7^S20 1-Xf 77"S206tt, 02©;* 

so ^i»^s i o i ~x^v^s i o 6 trnmofemzn 
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(,». m— (DSSffifch h^JftJtfiST tire_estl 

ts. wm&&Gy&mo. 2~o. iggmmhim-c 

tt> ^raiigGy t8S®S^tti, 06©J:5«c. tt£ 

SB&©i8&-ci ttittfc-rz. c<omee>ffl%i»t>x? 

0. m=<D3gffifxJj HU#T t i r e_e s t 3 

1 7 (C J; ») . m=<D?&mixt} r )\>i?JX\ re _est3&Cg-3 10 
t,»T>"> FJUKOffiS!»h^^M#I t i r eir-yjl 
>\>vtfTv7~Qm>Z>. ^f^S2 10T. J&— ©8 
mf5Ltlb>\>9im&\}tt7 t i r e_e s t 1 t. m= 
©88®JK;*J h/H'JfiSSffi^jT tire_est3t© 
AT t i re_es t=Tt i re_es t 3 — 
Tt i r e_e s t 1 ©jg«5£K: <fc Z. 

[0035] A^V. XT v rfS 2 1 1 1?. 8&ffiS# h 
)l>?tmm<m&T t i r e_e s 1 >W9fi£ffiAT f a 

fcit&tt. sttnaa^v-y-Ai^-c^^-rjui^i,. 20 

e fc-te'UtCTS. Xf-^S2 1 1-C. NoifiKJtl 

L-fS. g&K. Xf?^S2 1 3"C. *- ^tSofE&JE 
S9 Cc <fc *) . Iref=Ibase+Itire ©iHH 

*SDramS£«rilimt--5. fete. c©^©y^> 
tt. 3f 1 0 ©X r-T 'J > y&fitr © r fmtKO®. 

[0036] nm<D&&2 K<fc*ltt\ J5Lh©»ffrfcW» 30 

[0037] H«S©^«S3 . H 7 tt. C©fSW©IS&S© 

ZmTfVv 07Kfcl,>t, 1~6. 8~ 

15. 1 7ttl3 1 {CteW5 4>©£PJ— ©£>©-C&.&. 1 
9tt3-U-r-fe>tr (3-1 — rtfcffl#©) Kiot 40 

j' (^A©KtBKtihii/^) Jftsfia4«e£-rs0a©ss 

BBS* r * dSEH©8&iftEfr 

•CAS. @8tt. C©^©*JS©^SS3 6CJ:5SS&^ 

*v-x?t y >tffflwm&<Dm<tzitw?z>7a-? 

*-r-C&-5. HS6©JB88 2 tt. HSfi©^fill©«fiE© 

>^ffl*SCK«^mg 1 4©ffi;rj=£f?!E3©ffiffiJ5# r 
JUfJf^S{CA*TS»^-e*4. 50 
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[0038];JCK. 08«Cj;t). JUS©JK.® 3«Cj:Sm 

ns^/N-o-^f-r «; >y$fl®S?s©«ifP«:'oc»r^ll-r 

S. ^T77S30 1~Xf-^S306B, 02CDX 
f?7S 1 0 l~*f 1 0 6i@tt®«il«f 

^— ©&SJ^ r^^ffiTtire _estl3:?fl#-r 
4. &C»-C. X?-^S30 7t, *«3-U-h*^ 
WTS3-U- h-fe>-y©tt* (r) 
ytCffitftU Xf»^S308t?, »StfcUigl 4©ffl 
#£v*£L-CR#i£tf. ytC»-C. ^f5-7S30 9T» 
H©?SaJS*h^i'«5gfii4^t-S. SS®JKfc«:S-3 
<">F*RLttttl-'l'£'fiN*«:J:r). ^> hMWKQtt 

*rsj±3-e4S^©*-5a&fKfefrrtt. -iKfcsiatoft 
#««a-cs. d /8 = or*-5. gtraoftii&d (Ststfti 

iSSGyia-l/- hri^jivxioratCtt, Gy/V 
x =r + d (8 ©re^*lfiSj£-T ■&©•??. d fi = 0«fc«3G 
y/Vx =tBP^. Gy = r • VxfcJ: 9#lflDi&BEG 
y£SI»U *66©JK982T'^fcia6©KI^*'6. fl 
H©SSM5*h^^Tt i r e_e s t4*im?Z. 
^f^S 3 1 0-C. Rt, hAfSfigl 7{c<fc9. HI 

EH©S8®S* bfrirT tire est4 tcS-3C=>r . 

">FJt'R9illlJtthJl'2rflrei t i re4f-^A 7 

[0039] ^»"C. Xf^S31 IT. 0— ©SSM 
&*J r;U*«t5£gm*?T t i r e_e s t 1 i. Ijlffl© 
S8H5S* h ^f«l3e|ga*T t i r e_e s t 4 i©M 

4. AT t ire_est=Tt ire_est4-T 
t i re_es t 1 ©SSStSK J: Xf y ^ 
S 3 1 2-C. ISaS* hAi'tSflCiAT t i r e_ 
est #§T5t*f ATf ai UWtl^i'^* **JS-T 

5. Yes tmrnzntcm-Sit. 3-1 — h^y^m 

M-CV^-i^t^mV. X?v?S3 1 3-C. /%>r-;l' 

ROfflffiJhJl/i'd^I t i re^nKtS. 

S3 1 2-C. No tWmZ t\tcm&te. 3-U-h-fe> 

•^xi**ii-fe>-9-ttiE^i«»f^-rs. ^f--- 

7*S 3 1 4-C. *-5rmijS^g9CC«tf3. Iref = 
Ibase+ltir e©StSC^«cS-5#a«h;i/i'?: 

•r-s. fete. c©^©y^>«. 1 o©xt-t , j 
> ^^-c© h 9 m&omt. i l-c te < „ 

[0040] Hifi©JKSS3 (C J:n«. feLb©3bfE£iMffil 

sia^cpuo^-oftis-ciisfrr-scdtcj:"). 3 

- u - h-fe z/wm&vz <t D SSfe-"' > FAR 0 HiftB 
^{c<tti. F^^^ifegl^ffliUSJr^fe^^feX^ 

r y >f»ffswac s c i 4«i$uigig-ri$a8ii«ri^^- 

[004 1 ] fete. 3^6©JK«g 1 -9m<DB1£3 5Cte<<> 
r. 0-©ffiSJK*h;w^li3tStB*i. ^-©ISSJS 
* r A^*«g~^H©gSiBJ5* h A*«t^g©t,»-rn 
^©ttWi^i. ©f^ffitLhSfe-&l«l§*s0f^K?ffl^L 
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tux**) t>^$ <izzm&&&z>. com. jE-smc. 
mmmkte&T^fzm^iciz. vomit** < 

fit5&gtii;*j#. 3*-©ifSm^ Mt^^&~S&E3©if& io 
h At *«£g©<,^*i:fr>©ttl73 J: »3 <Mn£ < & s 

[0 04 2] S/c. 

©S8ffi£73 h * 9tm&tiit) t . Hi" ©KBBS73 h jut 

$ < fcatKastc©*? * -»ui*U3e-r-s<fc 5 tc orfcw 

5. 

[0043] * fc, MtiKtMftD«&«:&. *fT t i 
r e_e s t 1 ©##ST t i r e_e s t 2. T t i r 30 
e_e s t 3. T t i r e_e s t 4«fct) fc/J\S < 
©T. iKTt i r e_e s t 1 <D~J5$fcK1$ < 

7 a ;v i*Rr* C Lifitt < ft 

[0044] msa>m&A . mmoym&A b. m 1 

7P-^t-hT65. SIJS©^.®4«. S£5fc©ff58Sl 

5«t secures. m-©Kffls^h^^«e£S{c*5t,» 

h Jl/*MHS 1 (C*> 1 0 Nm«±©S^ta^J**5 0- 
2 0 0ms ecmnDmsmiTZ. C©J:3*c»d. 
Sfr-©S&®gyjh;u*ff6£gl 5^C©3fi^aH!feh;u 

5 m^j©^^. gnoHmsft h wmms 1 6 w^ji so 
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4. ^f7^S401^f 7^S413B, 02©* 
f^SlOl 1 1 3<fc|aH$©4t!UI£fT 

5. Xf-^S4 12rNo©)|^a > ^f-?ys4i 
9{c^C. ^-^mfiS£9K£g9«:J:0. Iref=Ib 
a s e + I t i r e<D8HraiCS-?*Stt h**&* 

c©a#hJU:5'{cyw>4ifeD-rsM^iife*si#-r 
s. )&:fc. e©a$©y^>B, ^e-* 1 o©x?-r»;> 
f»»r©hJb^s«©aHaiLrte<. ^t^s4 

12T. YesOtlTtJ. ^f»5'S4 1 3*HfT&. 

v7"S4 1 4"C V AT t i r e_e s trt^e-^P 
v ?mic&£.-r SSf^lSATML o c k J: ») ^:4r 
5**«Sl/r. Ye s£2W3£3*ifct&£tt. xf-^ 
S4 15T. MLf 1 as=MLf lag+li^r. 

5. -eor. ^f^S4 1 ^--fUvPVi 
Bt I ag*-)>*Ml f 1 a * rt^JgfiSM 1 o ck* 
SiruS^i'^*'^^ Ye s tWM2tiftm-& 
tt, Xf-^S4 17T. *-tt&Uyi;L-rctm£ 

^f 7 ^S418 S«®a Iref=04L» 

[0046] XHM>^fit4 tc ^ a 7 
[0047] Hifi©Jgfi85 . H 1 0B. C©^98©3®fi 

isS^^t^o 7 ^0-c*-5„ @ i oecfcti-r, i~6 t 

8-15. 1 7 B@ 1 Kfetf 5 i©ti-©t©r* 
£. 2 0B. Wmtthfc9*mir?2>imE&)hA'9 
«iadSr*-5. Si IB. C©HW©Hii©^SS5(cJ: 

7D-?t-hr*5, XMK>jMB5 HE. *J6©^SS 1 

hiu»«tHHBi2 o*swfc«jssr*s. mmo&m 

5 r B. XTTV> jfMCCS* L/ fcKffiS^? h * 

S2 0©W* (0S©5SffiS^F^5') <tf^-©gSffiS 

*hJl»*«S»l 5(C£^-Cflt5£3ftfclil-©S8B£2> 

g2o©ss*«iffi-ra. 

[0048] <X«C. H 1 1 «c J: 0 . j|Sfi©JgSS5 
S3tt^< 7-xfr>J> y«0iaB©«M¥«c^>i»-cSl?8 
ra. ^7'?7 , S50 1^f »7S506tt. 02© 

^f^T'sio i~xf"»7 , s i o 6 trnwivmrnzn 

C*. m-©KiSS73h^i'iiSfiiTt i r e_e s t 1 
*flUW*. -X^-C. ^77"S507-C. KffiJS^h 
**MM2 0 ©W77*S*ii^. h**T t 

i r e_m e a s <t CCfBtKTS. Xf-vVS 
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5 0 8-C. ML Y>l>*mf*m\ 7CCJ:»5. V&WEchVto 
*Tti r e.measKl^t, ;0 
Prt/£<i-^I t i r e4^--^'JUJl'y^Ts'^r^a) 

Coo4 9];m»-c. ^ssogt. m— <o$m 

S*h^^«3ggU*Tt i r e_e stli, 8S®5 
AhJl/?4ftIitS2 0®tltt>Tt i re_mea8iCl 
€:> AT t i re_est=Tt i r e_m e a s - T 
t i r e_e s t 1 ©iSt»5Si{C<fc &lr>r. 

-^S 5 1 Or, Big* F^H-OiAT tire 10 
_est*iH«iATfai 1 J: 5 
5£T£. Yes i«^3*l/cJSi^«. !SilJ5;*J hJU*t* 
ffiS2 0 7lsSS-C7x^;l/i*JBrL. Xt- 5 ^S51 1 
-C. ^>F-«HIOffl«Jh^^<t^I t i r efc-tfPtCT 
S. Xf»^S510r, NoittlSf^n/ciS^tt. 8S 

Xfv?S 5 1 2T. -t-dfSijg^egQCCiO. I r 
ef=Ibase+Itir e ©jgSt^{C»-^t g« h 

$:fflW-?2> a ttis, C©B#©-yY>«. t-il 0©^ 20 
7-T y > ^&#T© h **JSR0jmfc& It* < . 

Co 0 5 o ] x-^v^s 5 i occteo-c. j?r5EB$ 
iai£t±&*fcOT\ s§®s*j l-^i'CD^AT t i r e_e 
s t^^filATf a i 1 £*)*.%^friZ'>i}>*1tim? 

[005 1 ] Hi£©0Sg5 CC J:n«. SSffiJS* h A-*tfc 

tag 2 o (Drn&ic j; .&s?srfc;-> > fa-ro mm h 

*f#S£fc <£ 9. F^-Y / t3WBJ»*« D S J: 5 ft^/Sfc 

mtSCiWtS. 30 
[0052 ] 3fcK0SJB6 . H 1 2 ». COfHttDKMl 

fiSSr^-r^a y d'S'C*^. El 2(Cfct,^T. 1—6. 
8~1 7tt(ai«Cfctt£fc©£PJ— ©&©-C*.&. 2 1 

sictm^hft^^--^mmms'c$>^. iai3«. c 

©Jgfl86 w. Jdko&lft 1 »f*j l a N fcrt- L 

-CT r u-*MMgB2 ia>e>s&ffiM (tittABMRft) ft 40 
mmmm » ss-c* s c i **i£xra«-r « 1 1 t> k . 

fT*>fci,>J:5(cLfc£>©-e*.&. :/u-*fW®JSS{c*j 

tf 5 IS©fi£3fc©&85£fflt >S . 
[0053] #«t. 0 1 3 CC<fc *) . j§&6©7&1S6 tc<fc£ 

•r*. ^?»ys6 0 1 1 E2© 

Xf^^S 1 0 l-X^T'S 1 1 1 £ra*©i2H&&fir 50 
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t>. m— ©KffiS^Jh^fiSSSW^Tt i r e_e s 
t 1 i. l&-©8gBK/J h AfimmtittT t i r e_ 
e s t 2 £©^£. AT tire_est=Ttire 
_est2-Tt i re_es t 1 ©iStSWcJ: OMSt 

[0054lXt>?. X^?:/S 6 1 2t?. ^U-+$IJ 

ffl^S2 l^e^rtLAN^brKiiMfi^^ji 
-x^yecietrr-s. xt^senT, ggffijs* 

h tftSffi©3IAT t i r e_e s t^ffSffiAT f 
ai 1 £9**(,»*»£9*>**f£?-S. Yesi^figS 

13. Noi^JWSnfclS^B. me«-fe>-9"»iES<i: 
^M"*-*. Xf»^6 15T, No±«K<*ttfc 

«^r«. 7x-A^N£«frbftl.». 7 S 

6 1 6T. ^-^Sgg^SgtCfcO. Iref=Ib 
ase+Iti r e©SlfitSCK:S-5#B«hJU^?:SS 

[0055] Hifc©JE5Sg6 {C«tn«. »*S^-fe>1f©S 

mm&mm-r z c t ^-c # s . 

[0056] 

[#fe?B©aS*] C©^W«. W±SiBB0ft:J:^CC«lfiS3 

©satp^i'i^u-rsaijKh^^ta^ei. ^sft 
4^-©ssms* h ;u ?zim-r 5^-©ssms* h ;v 

t} V )\>9im&WLt . C©^f- ©KMS* h Jl-i'fitS* 
«5C J: 0 nfc0Zl©gSMS* h KS-^#^ > 
F;l/S:^g^»S-»S^nfilK*-^©»Bl» \-)V>7*ffl® 

^*iffSffl X O^Dit, &j96£ma*©©#l?i?£« 

ttsiftK, KW6ft^ffi^e©^S{c>ffic;-r-5ci^-c 

[ 0 0 5 7 ] Sfc. il3g«©ai)K h;U£>£**a-r&tftte 

p^^^ffi^si. »w©fiHjnas*«wiTss!»naa 
f- * ^ *jtsrr ^^-©sssjs* p * *«ise*@ <t . « 
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.^«^S-l*5^F[ajK:*-3fOMKj HI/ SBEO 
Rlh^i'iSfgB, S&-© 

«fc»)**i>4*. ffitosa&tH3Ma©it5r*«£-r.&© 

«»3iffi«a^s©s^{C)fcfit.rsc4*ir*-5. 
c 0 0 5 8 ] */c. $mg<mi& hfrzz&tH-rmifii 10 

-HSffl^f24. *M6HU*1fcttl^gCCJ:')*tffi3ftfc 

fisms h jv 2 zm 1 >-c $ 4 -timwfr 6 sw .5 sr— ©sse 

4. 3-u-hfcffl#&*cJ:^rfctil3ftfc:iW©3- 

^&tc£*)ffis.ztitcmv3<D8&mm*} hp 9 tea-?*" 

ut— ©&w£*> h &#%izfnw<DV8mm.j3 v ;u*© 
**>J5e-r-5©r. ±r©jie*fcirc^>K.>i/jiDte*isj 

[0059] se.cc. nt, h jn>mm&mx. ~o©«6 

<B<fc9*:t<,>4#. gssr^-rs©-?. wukss* 
«?rr£c4#-et£. s/c mtm&^mmr^^ 

o~o©Jfl5E3 n/cSSSS* h ^©MtfSj^ffiJ: 0 * 
£t>4i*. S^«S-r4©-C. SiJI&«£*tT5C4 

[0060] £ fc. RL/ h.»U*fi<R#M8«. 3&-©8SB 
fifth JVf#. »S3ft7di©SSMfift HJl-i'.tOBT^ 
<B«fc0A*(,>4t. «**«eTS©r. fflHtCMm* 
*IS1-5Ctm5. 3 6fc:*7fc, Klsh*»fMt? 

^f^lffl^cr. SB— ©IfSBfift Mi-**!, a 
5t?nfcf6©iSffiS*h^iJ'J:Oef5effiJ:»3^:tC^4 40 
*r&£4*j^-rs©r. sgHfc*-* 

[0 06 1 3 S/c. S?g#©aiteh^^?:*im-r-5fil96 

®fift * zim-?zm—<D3§wmj] ^ ju f ms^ia 

4. lfl£©^fifthJU**#ffiTS^J5ft HI-*** 
HJ3M84. C©ffiffififth,M/*1fcffl*©K:J:9fctfi3n 
fcJ&£©88Mfift h;l>*tcg-?#^> F**JK&flW3 
•&S^|Sl{C-=e-5r©«eihJl/i??rftWTSRb h^i'lffi 50 
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h )v fscx^E©sgss* h * * ©M*^fSffi«fc o 
i>4&. &MfiftMi/**m*&©s?sr£*i]5£-r£© 
r. £T©a&tfc«tt^> K*R9i££fi±3i±s4& 
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